Abstract: A 4,4,5,5-tetramethyl-4,5-dihydro-1H-imidazole-3-oxide-1-oxyl lithium derivative was found to react with perfluoroaromatic compounds with formation of products of fluoro-atom substitution, namely fluorinated aryl(hetaryl)-substituted nitronyl nitroxides. The yields of the fluorinated nitroxides were acceptable in cases of reactions with functionalized perfluorobenzene and perfluoropyridine (25-60%), but was low in case of reaction with perfluorobiphenyl (~ 5%).
Introduction
Open-shell organic compounds are promising components for next-generation electronic and spin devices because of their wide diversity of molecular design, structural flexibility and processability [1] . In the past few decades, substituted nitronyl nitroxides (R-NN) have been actively utilised as organic spin carriers that allowed to discover materials with unique spin-related properties such as purely organic magnetic switches [2] , ferromagnets and ferrimagnets [1], magnets with negative magnetoresistance [3] and graphene-based magnetic polymers [4] .
Nitronyl nitroxides are generally obtained via condensation of bis-hydroxylamines with various aldehydes (or polyaldehydes) and subsequent oxidation of the corresponding 1,4-dihydroxyimidazolidines [5] . Nevertheless, the reactions of aromatic aldehydes bearing highly electron-withdrawing substituents have sometimes been unsuccessful [5b, 6] , probably due to the low stability of the condensation products. The direct introduction of the NN group into organic scaffolds using a nitronyl nitroxide non-substituted at position 2 (H-NN) as a synthetic unit is an alternative and promising way to access a diverse range of radical derivatives R-NN. Throughout the history of nitronyl nitroxide chemistry, numerous nucleophilic and cross-coupled reactions with metalated derivatives M-NN have been successfully carried out with various electrophiles to obtain functionalised R-NNs [7, 8] . The using of the paramagnetic lithium derivative Li-NN was especially fruitful in context of preparation of functionalized nitronyl nitroxides (Scheme 1) [9] . Scheme 1. Synthetic chemistry of lithiated derivative Li-NN.
Recently, we reported the possibility of fluorine substitution in perfluorobenzonitrile and perfluorophthalonitrile with Li-NN and thus prepared cyanotetrafluorophenyl-and dicyanotrifluorophenyl-substituted nitronyl nitroxides [10, 11] . Here we explored the applicability of this reaction for the preparation of different polyfluorinated functionally-substituted arenes and hetarenes as well.
Results and Discussion
To carry out the reactions, Li-NN was generated by the action of lithium hexamethyldisilazane (LiHMDS) on H-NN at -90°C in tetrahydrofuran (THF; Scheme 1) [12] and treated with the corresponding perfluoroaromatic compound. After a relatively short period (4 h) the reaction gave a mixture of products (TLC), from which the target product of fluorine atom substitution, respectively substituted nitronyl nitroxides 1-4, were isolated using column chromatography with the subsequent crystallization (Scheme 2). The structures of all nitronyl nitroxides were solved by single-crystal X-ray diffraction analysis ( Figure 1 ). Selected geometrical parameters of compounds 1-4 are collected in Table 1 . One can see that the bond lengths and bond angles in these nitronyl nitroxides are within the statistical means [13] ; bond lengths C-N and N-O in the paramagnetic moiety are rather typical [7] . The dihedral angles between planes of the nitronyl nitroxide and aromatic moieties are within 57-70°r ange. * Molecules lay on 2-fold axis, so the bond lengths are same. ** Interplain angle for nitronyl nitroxide moiety and aromatic substituent.
The ESR spectra for diluted ( 10 -4 Table 2 . (Fig. 2e) the following values of hfs were used: 2AN = 0.73 mT; 2AF = 0.07 mT; 12AH = 0.015 mT; 2AF = 0.02; 2AF = 0.015 mT.
Conclusion
We explored the applicability of reaction of 4,4,5,5-tetramethyl-4,5- EPR spectra were acquired in a diluted and oxygen free chloroform solutions at 295 K at the concentrations of ~10 -4 M by means of the commercial Bruker X Band (9 GHz) spectrometer Elexys E 540. For determining the isotropic g-factors (giso), we recorded X-band CW EPR spectra of mixture of the investigated radical with Finland trityl. Then the known giso of Finland trityl was used for the spectrum simulation, and the target giso value was excluded. The simulations of the solution EPR lines were carried out in the software package Easy Spin which is available at http://www.easypin.org. (1.1 mmol) in THF (5 mL) was added at -90°C in an argon atmosphere, stirring was continued, and the reaction was monitored by TLC (Silufol F254, EtOAc as eluent). After 4 h, TLC changes ceased, the cooling was stopped, and the reaction mixture was allowed to warm up to room temperature and brought into contact with the atmosphere. Flash chromatography (SiO2, column 3 × 4 cm, EtOAc as eluent) yielded a solid mixture after solvent removal under reduced pressure at room temperature.
Synthetic Methods and Characterization

General Procedure of Preparation of Nitronyl
The resulting solid mixture was separated by column chromatography (SiO2, column 3 × 20 cm, CH2Cl2 as eluent), which produced a fraction of desired product. The fraction was concentrated under reduced pressure to a volume of ~5 mL, then n-heptane (5 mL) was added, and the mixture was incubated for ~60 h at 0-5 °C for slow crystallization of nitronyl nitroxide radical. 536, 602, 677, 706, 719, 874, 970, 999, 1028 , 1140 , 1155 , 1180 , 1217 , 1265 , 1331 , 1377 , 1390 , 1433 , 1468 , 1495 , 1551 , 1606 , 1662 , 2991 UV-vis (EtOH) 
2-(4-
2-(4-Nitro-2,3,5,6-tetrafluorophenyl)-4,4,5,5-tetramethyl-4,5-dihydro-1H-imidazol-3-oxide-1-oxyle (2).
Yield 200 mg (57%); brown crystals; IR (KBr) ṽmax, cm −1 : 417, 446, 476, 538, 608, 712, 768, 785, 804, 874, 972, 999, 1011 , 1086 , 1142 , 1176 , 1217 , 1265 , 1356 , 1375 , 1389 , 1429 , 1456 , 1486 , 1551 , 1576 , 1626 , 2413 , 2858 , 2931 , 2947 UV-vis (EtOH) 453, 538, 567, 646, 696, 715, 868, 958, 972, 993, 1018 , 1136 , 1169 , 1252 , 1271 , 1375 , 1427 , 1450 , 1475 , 1487 , 1547 , 1655 , 1849 , 2993 UV-vis (EtOH) 
2-(Perfluorobiphenyl-4-yl)-4,4,5,5-tetramethyl-4,5-dihydro-1H-imidazol-3-oxide-1-oxyle (4).
Yield 24 mg (5%); violet crystals; IR (KBr) ṽmax, cm −1 : 540, 706, 733, 870, 964, 984, 997, 1043, 1134, 1173, 1223, 1267, 1377, 1429, 1487, 1508, 1527, 1595, 1659, 2943, 2995, 3442 
Crystallographic analysis
X R D e x p e r i m e n t s f o r t h e c r y s t a l s w e r e c a r r i e d o u t o n a B r u k e r K a p p a A p e x I I C C D diffractometer using φ, ω scans of narrow (0.5°) frames with Mo Kα radiation (λ = 0.71073 Å) and a graphite monochromator at 296 K. All the structures were solved by direct methods and refined by the full-matrix least-squares method against all F 2 in anisotropic approximation using the SHELX-97 software suite [14] . The positions of H atoms were calculated via the riding model.
Absorption corrections were applied empirically in SADABS software applications [15] . To exclude the contribution to the diffraction from the disordered solvent in crystals of 4 and thereby produced a set of solvent-free diffraction intensities, the PLATON/SQUEEZE [16] procedure was employed.
Crystallographic data on all the compounds are listed in Table 3 . CCDC 1899824 (1), 1899825
(2), 1899826 (3), and 1899827 (4) contain the supplementary crystallographic data for this paper.
These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif. (5) 14.0067 (7) 19.9841 (7) b 17.781 (4) 11.0785 (7) 10.7414 (7) 19.9841 (7) Figure S1 . IR spectrum of 1 (KBr). 
